In this paper we present a novel 2-D graphical representation of DNA sequences in the first quadrant Cartesian coordinate system. This representation has been mathematically proved to have a zero length of circuit, i.e., without any degeneracy.
Introduction
Various 2-D graphical representations of DNA sequences as previously reported by Gates (1985) , Nandy (1994) , and Leong and Morgenthaler (1995) have provided an easy approach to visualize DNA strand, but there was a high degeneracy. Guo et al. (2001) and later Liu et al. (2002) reported a 2-D graphical representation with lower or nondegeneracy. We previously demonstrated a 2-D graphical representation of DNA strand using a two-quadrant Cartesian coordinates system resolved sequences' degeneracy (Yau et al., 2003) . In this paper we report a novel 2-D graphical representation of DNA sequences by using the first quadrant of the Cartesian coordinate plane that is mathematically proved non-degeneracy. A practicable formula has been developed to calculate the frequencies of A, T, G, and C from the starting point to any considered point. A unique application of this positive numerical description of the nucleotides to the genetic codons has been further performed.
Methods and results

To construct a new graphical representation of DNA sequences in the first quadrant of the Cartesian coordinate plane
The unit vectors representing four nucleotides A, G, C, and T are as follows:
(1,0) → A, ( 3 /2,1/2) → G, (1/2, 3 /2) → C, (0,1) → T, that means OA lies on x-axis, the angle between OG and x-axis is 30 degrees, the angle between OC and x-axis is 60 degrees, OT stands up on y-axis, and |OA|=|OG|=|OC|=|OT|=1.
As shown in Figure 1 , we set purines (A and G) under the bisector OQ of the first quadrant and pyrimidines (T and C) above the bisector OQ of the first quadrant.
To get the graphical representation of a DNA strand, we assume that S 1 , S 2 , …, SB n B stand for a DNA sequence length at n, where S i belongs to {A,T,C,G}. The sequence of the points, P 1 , P 2 , …, P n will then be constructed as the vector P 1 − i P i that corresponds to S i , where P 0 is the origin, and |P 1 parallel with x-axis is 60 degrees.
To get the numerical sequence of the points, P 1 , P 2 , …, P n corresponding to S 1 , S 2 , …, S n , we introduce a two dimensional array x(i) i=1, 2, …, n, and y(i), i=1, 2, …, n, and 
To prove non-degeneracy in this new 2-D graphical representation of DNA strand
We assume that the number of nucleotides forming a degeneracy is n, and f A , f G , f C , and f T are the frequencies corresponding to the number of appearances of A, G, C and T in the circuit, respectively. Hence,
, and f T T form a circuit, the following equation holds:
Clearly [1] and [2] hold if, and only if,
0, which implies no circuit exists in the graphical representation, i.e. there is no degeneracy in this representation.
Given any point, P=(x,y), on the graphical representation, the frequencies of f , f , f C and f T , representing the number of A, G, C and T, respectively, from the starting point, should meet with the equations as follows:
T Because 2x and 2y are irrational numbers as m+ 3 n, where m and n are integers,
[3] and [4] can be rewritten as:
[6]
By solving [5] and [6] we obtain:
To get m , n and m , n from 2x and 2y, we design an iterative comparison method to compare the decimal parts of 2x with multiples of the decimal of i.e.
(1,0) → A, ( 3 /2,1/2) → G, (1/2, 3 /2) → C, (0,1) → U for x axis projections:
for y axis projections: 3 )/2. It is obvious that a double stochastic matrix for the genetic code property (He, 2004) should be obtained as long as A = U and C = G in despite of any assigned numbers.
Discussion and conclusion
Graphical representation of DNA sequence may provide a simple way of viewing, sorting and comparing various gene structures. The previous studies of the 2-D graphical representations of DNA sequence used four quadrants and placed four nucleotides along with four axes of coordinate system usually had high degeneracy. In order to overcome the defect of degeneracy, we recently presented a graphical representation of NDA strand without degeneracy by using two quadrant Cartesian coordinates system (Yau et al., 2003) .
In comparison with our and others previous methods, we present a new 2-D graphical representation of DNA sequence by performing data in the first quadrant of Cartesian coordinate system in this paper. We proved that there was not any degeneracy.
With an iterative comparison method, the number of A, G, C and T in any point in the sequence from the starting point can be calculated. Furthermore, the number of purines and pyrimidines could be easily compared via visualizing the total points separated by the 
